PACIAE 2.0, a parton and hadron cascade model, is employed to investigate the dependence of the moments of net proton event distributions on reaction energies varying from RHIC to LHC energy in p + p collisions. It is found that net proton moments and moment products are sensitive to the collision energy except the moment product κσ 2 which is almost independent of the collision energy. The PACIAE results are in line with experimental data.
Introduction
One main goal of heavy ion collision experiments is to locate the critical point in the QCD phase diagram. Signatures of the critical point may be related to the fluctuation of event-by-event observables. Various moments of conserved quantities, such as the mean (M), standard deviation (σ ), skewness (S) and kurtosis (κ) of net proton (N −N¯ ) distributions are expected to be among the tools necessary to reveal the mystery of the critical point. It is shown in Ref. [1] that the kurtosis gets negative when the critical point is approached. Higher moments as well as the moment products (Sσ and κσ 2 ) are sensitive to the correlation length [2, 3] and can be linked to the thermodynamic susceptibilities computed in LQCD and Hadron Resonance Gas model (HRG) [4, 5] . Among a large number of works studying the moments, Ref. [6] links the Lattice QCD (LQCD) calculated net baryon number (NBN) susceptibility with the heavy ion collision experimental data of NBN moments and determines the critical temperature of QCD phase transition. There are attempts to study the QCD phase diagram in p + p collisions. Photon production during quark-gluon plasma formation in p + p collisions is investigated in Ref. [7] . Evidences of crossover from the hadron gas to the quark gluon plasma (QGP) are suggested at p + p and p +p collisions [8] . In this work we aim to explore the capability of the parton and hadron cascade model, PACIAE 2.0, in describing the moments and moment products of net proton in p + p collisions from RHIC energy up to LHC energy. The paper is arranged as follows. In section 2 the PACIAE model is briefly described. PACIAE results of the moments and moment products of net proton in p + p collisions are compared with experimental data. Conclusions are given in section 3.
PACIAE results on net proton moments
We employ the parton and hadron cascade model, PACIAE 2.0 [9] , to calculate the moments and moment products of net proton distributions in p + p collisions. The PA-CIAE 2.0 is based on PYTHIA 6.4 [10] for both p + p and A + A collisions. In the PYTHIA model a hadron-hadron (hh) collision is decomposed into the parton-parton collisions. A hard parton-parton collision is described by the lowest leading order perturbative QCD (LO-pQCD) parton-parton interactions modified by the parton distribution function in a hadron. The soft parton-parton collision is considered empirically. Because the initialand final-state QCD radiations and multiparton interactions are considered in the parton-parton scattering, the consequence of a hh collision is a parton multijet configuration composed of di-quarks (anti-diquarks), quarks (anti-quarks), and gluons, as well as a few hadronic remnants. This is followed by the string construction and fragmentation (hadronization). So one obtains a hadronic final state for a hh (p + p) collision. PACIAE differs from PYTHIA in the addition of parton evolution (rescattering) and hadron evolution (rescattering) before and after hadronization, respectively. However, the hadron rescattering can be neglected in p + p collisions. The rescattering among partons in quark-gluon matter is considered with the 2 → 2 LO-pQCD parton-parton interaction cross sections [11] The mean (M), standard deviation (σ ), skewness (S) and kurtosis (κ) are evaluated using the distributions at all PACIAE model capability in describing net proton moments energies mentioned above. Shown in Figure 2 are the PACIAE results of the moments of net proton, compared with the experimental data [4] . We see in the figure that the PACIAE results of the moments strongly depend on the collision energy. The PACIAE result for M is consistent with the experimental data, while the results for σ and κ differ by about 15% and 30% respectively from the experimental data. However, the PACIAE result for S is just about half of the experimental data. The moment products of net proton are shown in Figure 3 . The PACIAE Sσ experiences a weak decrease with energy increasing, while the κσ 2 is almost constant in the large energy region. The PACIAE κσ 2 result, about 1, is comparable with the HRG [13] shown by the solid line.
Summary
With the PACIAE model we have calculated the net proton event distributions and the corresponding moments and moment products in p + p collisions at RHIC and LHC energies. It is found that M, σ , S, κ and Sσ are sensitive to the collision energy while κσ 2 is almost energy independent. The PACIAE results are in line with experimental data.
